Introduction
The oxidative dehydrogenation of coordinated amines and alcohols has been a subject of interest [1] .
The reaction is promoted by the coordination of the substrates to the transition metal center; note that ruthenium and osmium are particularly effective oxidizing centers [1a] . Various ruthenium complexes with imidazoline ligands, including N-heterocyclic carbene complexes, have been prepared and utilized as catalysts [2] .
However, to our knowledge, there has been no report on the metal-promoted oxidation of imidazoline ligands [3] .
The oxidative dehydrogenation of imidazolines to imidazoles is biologically and pharmaceutically very important [4] . Most of the reported synthetic studies of imidazole derivatives, however, require toxic or explosive oxidants.
We here report on synthesis, electrochemical properties, and reactivities of a new ruthenium complex (1) having a κ 3 NCN pincer ligand with two imidazoline units. 1 exhibits a unique oxidative dehydrogenation of the coordinated imidazoline moiety with aerial oxygen to give an imidazole-ligated pincer ruthenium complex (2).
The reactivity of a related κ 3 NNN tridentate ruthenium complex (3) and speculated oxidation process of 1 are also described.
Results and Discussion
The Ru complex 1 was prepared by reaction of RuCl 3 (tpy) (tpy = 2,2':6',2"-terpyridine) with 2 equiv of AgPF 6 followed by ortho,ortho-cyclometalation of 1,3-di(2-imidazoline-2-yl)benzene (4) [5] in 2-methoxyethanol under N 2 , whereas the imidazole-ligated complex 2 was obtained under the same reaction conditions in air (Scheme 1). 2 was considered to be produced by the oxidative dehydrogenation of imidazoline moieties of 1 with oxygen in air. In contrast, the related Ru complex 3 was prepared under similar conditions in both N 2 and air, as shown in Scheme 2 . 
Scheme 2
The structures of the complexes 1-3 were confirmed by NMR spectroscopy and ESI-mass spectroscopy. 1 H NMR spectroscopy; the results of which are shown in Fig imidazoline to imidazole moieties [6] . Table S1 in Supplementary material [9] .
The electrochemical data of 1-3 are summarized in Table 1 As described above, the κ 3 NCN pincer ruthenium complex 1 undergoes a unique chemical transformation with oxygen in air to produce 2. This is the first example showing that the electron donating nature of the pincer ligand facilitates the ruthenium-promoted oxidation of a ligated imidazoline moiety.
Experimental

General procedures and materials
Solvents for the reactions and measurements were dried and distilled prior to use. The ligands, 1,3-di(2-imidazoline-2-yl)benzene (4) [5], 2,6-di(2-imidazoline-2-yl)pyridine [12] , and RuCl 3 (tpy) [13] were prepared as described previously.
Preparation of Ru complexes (1-3)
1: RuCl 3 (tpy) (100 mg, 0.23 mmol) was dissolved in 2-methoxyethanol (20 ml), and AgPF 6 (115 mg, 0.45 mmol) was added. The reaction mixture was stirred at 70 °C for 2 h under N 2 . After the Ag salt was filtered off, the solution was degassed by three cycles of the freeze-thaw procedure under N 2 . 4 (50 mg, 0.23 mmol) was added to the solution, and the solution was stirred at 70 °C for 12 h under N 2 . The purple solution was concentrated to ca. 1 ml, and poured into an aqueous NH 4 PF 6 solution. The purple precipitate was collected by filtration and purified by column chromatography with almina to give a purple powder of 1 (21 mg, 13% yield). 154.0, 134.2, 130.0, 126.7, 124.9, 122.7, 121.7, 119.8, 118.2, 51.6, 45.9 .
2 was prepared analogously in air. 3, 160.5, 157.5, 155.0, 134.8, 134.5, 130.8, 128.6, 126.7, 123.2, 122.0, 120.8, 120.3, 116.7. 3 was prepared analogy with 2 using 2,6-di(2-imidazoline-2-yl)pyridine. 156.2, 153.3, 149.1, 138.0, 135.7, 135.1, 128.2, 125.5, 124.0, 123.4, 52.4, 46.0. 3.3 Crystal data for 1, 2, 3, and 5
The diffraction data were collected with a Rigaku Saturn CCD area detector with graphite monochromated MoKα (λ = 0.71070 Å) at -160 ºC. The data were corrected for Lorentz and polarization effects, and an empirical absorption correction was applied. The structure was solved by direct methods (SIR 92) and expanded using Fourier techniques. The non-hydrogen atoms were refined anisotropically. Some hydrogen atoms were refined isotropically and the rest were refined using the riding model. X-ray crystallographic data for 1-3, and 5 are summarized in Table S1 in Supplementary material. Despite several attempts, X-ray quality single crystals of 2 could not be obtained.
Supplementary material
Crystallographic data for the structural analysis have been deposited with the Cambridge Crystallographic Data Center; publication numbers CCDC 653741 (1·0.5MeCN), 653742 (2·1.5Et 2 O), 653743 (3), and 653744 (5). Selected bond lengths (Å) and angles (deg):
(a) Ru1-C1, 2.008(6); Ru1-N1, 2.100(7); Ru1-N3, 2.084(7); Ru1-N5, 2.071(7); Ru1-N6, 1.998(7); Ru1-N7, 2.067(6); C8-C9, 1.320(13); C11-C12, 1.357(12); N1-Ru1-N3, 155.2(2); N5-Ru1-N7, 155.5(2); N6-Ru1-C1,
179.1(3).
(b) Ru1-N1, 2.004(3); Ru1-N2, 2.070(3); Ru1-N4, 2.070(2); Ru1-N5, 1.972(4); C5-C6, 1.512(7); N2-Ru1-N2*, 155.23(11); N4-Ru1-N4*, 158.11(11); N1-Ru1-N5, 0.0.
(c) Ru1-C1, 1.988(4); Ru1-N1, 2.099(3); Ru1-N3, 2.084(2); Ru1-N5, 2.068(3); Ru1-N6, 2.009(3); Ru1-N7, 2.055(2); C8-C9, 1.376(7); C11-C12, 1.468(7); N1-Ru1-N3, 154.18(12); N5-Ru1-N7, 156.53(13); N6-Ru1-C1, 174.24 (13) . 
